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STATISTICAL ASSOCIATION PROCEDURES FOR MKSWM CONTENT ANALYSIS

MITRE SR-79 Information System Language Studies, Number 1

by

J. Spiegel, E. Bennett, and E. Haines of the System Sciences
Department and R. Vicksell and J. Baker of the Computer Appli-
cations Department.

FOREWORD

This paper is substantially the same as "Document and Message
Routing through Communication Content Analysis," presented at
the International Federation for Information Processing Congress,
Symposium on Optimum Routing in Large Networks, in Munich,
31 August 1962.



ABSTRACT

This is an introductory report of an investigation
concerned with developing procedures for utilizing certain
statistical properties of messages or documents; these
properties to be used for message routing or retrieval.
This approach applies the most elementary relation among
the words making up a message that of word-word co-occurrence
probability patterns. It is shown that any message material,
be it natural language, code, or index terms, can be proc-
essed provided that the input is compatible with the input
requirements of the computer.
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STATISTICAL ASSOCIATION PROCEDURES FOR MESSAGE CONTENT ANALYSIS

THE MELOPHENT OF A METHODOLOGY FOR STATISTICAL ASSOCIATION

Approach to the Problem

The work of this investigation is concerned with developing

procedures for coding certain statistical properties of messages (or

documents) contained within an information system, and then using these

codes for message routing or retrieval The statistical approach

applies the most elementary relation among message units, that Cf

co-occurrence prabability patterns. The basic strategy is to proceed

as far as possible with a minimm of assumptions about the linguistic or

semantic organization of the information within the message structure.

This strategy implies a rather mechanistic approach to language

processing and that is indeed the case. We assume the information con-

tained in a message is carried by the words that make it up, and by the

manner in which they are strung together. Further, we assume a person

generating a message or document chooses words in a nonrandcm fashion

and ccmbines them according to semantic and syntactic rules that are

regular and, at least in our culture, to some extent predictable. That

is, both the selection of elements and their co-occurrence with other

elements are subject to restrictions by the contexts in which they occur.

Evidence from information redundancy experiments indicates such an assump-

tion is reasonable. We intend to exploit the regularities of these
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sociations among words, ignoring the specific nature of the rules which

produce such regularity and thereby restricting ourselves to coding and

use of the resulting statistical features alone.

Before discussing specific coding and routing or retrieval tech-

niques, it is clear certain ideals or requirements should be taken into

account. First, any machine technique for coding messages should be able

to accept and analyze large amounts of natural message content relating

to a wide range of topics. In responding to retrieval search or routing

demands, a routing technique should be able to draw upon its total re-

source of stored content coded information, not only to select an ap-

propriate response, but more important, to improve its program for inter-

preting such demands and responding to them. Both techniques should be

able to improve with experience, and the combined system of the two tech-

niques should be able to accept and use program or procedural information

in the same form as any other input, including data. The system should

be able to code the content from messages in a fully mechanical manner.

It also should be able to relate new content to other statistically rele-

vant content already in memory. From its reservoir of information, it

should be able to elicit the necessary clues as to which messages are

relevant to each other, especially in response to a message which is also

a query. For such a system to be reasonably adaptable, it also should be

able to perform these functions without an index, grammar book, dictionary,

thesaurus or Other formal constraint.
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In reviewing these requirements it is evident that we are defining

an approach similar in many ways to the way humans appear to retrieve
1

information from their own memories. Typically, humans seem to start

with the query words and then associate these with other words until the

information they seek is brought to their conscious attention. This

process of association of elements is so basic and obvious that Aristotle

reasoned that to learn was to associate. However, although association

theory has been known for many years, little use has been made of it as

a methodology for information processing. In fact, literature on the

use of statistical associations for information processing is quite

limited, although at least three significant contributions of a methodo-

Ilo rnture appear to be of direct relevance. All are concerned with

the use of index terms, from a specified library of index terms, to re-

trieve documents from a specified library of documents. All involve ob-

taining descriptive statistics to indicate the extent to which specific

index terms occur together in tagging the various documents of the li-

brary. Such descriptive statistics then are used to expand from one or

more index terms used in a query to a set of associated terms, based

upon evidence of the co-occurrence tendencies of the various terms.

or an interesting example of one way humans retrieve, see Freud
(1938, p. 57A). References are listed by name and date at the end of
the report.
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Previous Research on Statistical Association Techniques

Maron and Kuhns (1960) investigated statistical association tech-

niques as part of a more general methodological attack on the problem of

document retrieval. Starting with a catalog of index terms, and a li-

brary of documents, a statistical matrix of association frequencies is

developed.
Tk 

Ik

T i x=N(TJTk) uN(Tjlk) N(T )

I v-_N(jYTk y=_N(JJ) j )

N(Tk) N( k) n

where

T is a tag in the original request.

Tk is a tag not in the original request.

N(TJ,Tk) = the number of documents in the library tagged jointly

vith both T and Tk .

N(TJ 4k) = the number of documents tagged with T and not with Tk .

N(T 3 ) = the total number of documents tagged with T .

N(I) = the total number of documents not tagged with T4 .

n - the total number of documents, and so forth.



From these descriptive statistics, Maron and Kuhns develop three

different measures of closeness of association for index terms. One

is the conditional probability that if a term in the original request

T is assigned to a document, then the additional term T. also will be

assigned:

=( I N(T ,T k

The second measure is the inverse conditional probability; that

is, the probability that if the additional term Tk is assigned to a

document, then the original request term T also would be:

P(T JITk) = N(T T)  (2)

Finally they use the contingency estimate, or estimate of the fre-

quency of co-occurrence, independent of the individual and separate in-

fluences of the two terms which form the co-occurrence in question.

They remove the magnitude to be expected on the basis of chance from the

actual cell magnitude, taking into account the number of times the in-

dividual tags are used.

6(TJ,)Tk) = N(TJTk) N(T) N(Tk)k- n (3)

Maron and Kuhns then introduce an arbitrary coefficient of associa-

tion, based upon 6(TJTk), which ranges conveniently from -1 to +1 with

a magnitude of zero for the condition were 6(TJ,Tk) is zero. This co-
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efficient is of the form:

TJTk) = u (4)

(xy + 7V

Stiles (1961) also starts with a contingency table of the form pre-

viously noted. However, he introduces a different coefficient of asso-

ciation:

log3  NT ~ N
10° N(TJ) N(k) N(I j)_ N(Iky (5)

Doyle (1960) uses still a third measure also drawn from a contingency

table, to indicate strength of association:

N(TJ,Tk)n

N(Tj) N(Tk) (6)

In each of the three approaches cited, the investigators tend to adopt

the same basic data structure from which to develop their analyses. They

pass over the question of how many terms are used to index any particular

document and start with the total population of indexed documents as a

base. They divide this population of documents into those that exhibit

the common property of having been indexed by TV with and without Tk,

and those not indexed by TV with and without T . Using various nor-

malizing procedures, they adjust the sizes of these various groups, es-

pecially the group TjTk' to remove any effect that might result from the

tendencies of Tj and Tk, separately, to occur frequently in general.

Some kind of normalization is required, because the more frequently an

index word occurs, the more likely it will co-occur with some other term,

simply on the basis of chance. The techniques used by Maron and Kuhns,
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Stiles, and Doyle, however, do not treat the fact that the more lengthy

the string of index words used to index a document, the more likely

that co-occurrences involving the terms in the string are due to chance.

For a library retrieval problem this might be little more than a

minor omission, if, for example, the number of terms used to index all

documents is a constant. However, if data on statistical co-occurrence

are drawn from the actual strings of words in natural language that com-

prise the body of a document or message, then such factors as string

length, word position in the string, and vocabulary size might signifi-

cantly influence the tendency of words to co-occur. Accordingly, we

would like to argue that a statistical association technique should take

into account such factors and, further, that it should not be dependent

upon the particular level of message aggregation being considered.

Preliminary Considerations for a Statistical Association Methodology

Before discussing a method for accounting for these effects, it

would be useful to define our terms and examine their implications. As

previously stated, the message is a narrier of information or content.

The smallest message carrier of content is probably the alphabetical

letter, number, or arbitrary punctuation mark. This is a message of

minimum size. A continuous string of such marks, commonly a word, may

be thought of as a somewhat larger message. At a still larger level of

aggregation, a string of wcrds, perhaps a sentence or a paragraph, is

also a message. Similarly, documents, books, clusters of books, and so
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forth, are messages of increasing levels of aggregation.

Analytical techniques for determining message or document content

do not necessarily have to change radically because of the magnitude of

message aggregation being considered. The procedures one uses to examine

the subject matter index of a library card file may be similar to the

procedures for understanding and searching the individual book cards,

which in turn may parallel the procedures used with a book's table of

chapter contents, its page index, or the paragraphs and sentences of an

individual page itself.

Therefore, to maintain stress upon the common denominator, we will

consider all of the strings that constitute messages as a class, becom-

ing specific, when necessary, by indicating the size or level of aggre-

gation for any string. Alphabetical, numerical, or punctuation mark

messages are one level of aggregation smaller than those considered in

detail at this point. The units of immediate concern are words, strings

consisting of a few words, and strings of such strings, including those

larger strings that range from sentences or titles, to paragraphs or

abstracts, to articles, and so forth.

We establish the following working definition: a word type is the

smallest unit of analysis and always has the identical configuration of

alphabetical, numerical, and conventional marks. Thus, the word type

man is different from men or man's. Similarly is, are, and am are dif-
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ferent types. Types may vary in size from one symbol to many. The only

requirement is that the symbol arrangement remains the same for the am

type.

The ability of a person to react differently to the string of letters

man in contrast to the string men, man, or manx reflects the influence

of differing structural arrangements of identifiable elements. The

string man is a unique system that might be represented by the simple

flowgraph below in which the numbers give the distance between the ele-
n

ments of the string

2
m 1

a

or, by the somewhat more redundant association list
1

2
M on 9.2-.

The arrangement or association of words can be represented in

the same way to identify a sentence, or the association of sentences

can identify a paragraph. This also applies to messages of larger ag-

gregation. For example, the string Mary would like John has an identity

characterized by the co-occurrence of the four words, the specific se-

quence of the words, and the distance among them:
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would

Mary like

John

In association list form the string would have the representation:
1

Mary 0 o would

Mary o o like

Mar M3 o John
1

would 1 o like
2

would o o John
1

like - o John

In this way a message at any level of aggregation can be represented

structurally by its co-occurring units at the next lover level by merely

specifying the directions and distances among them.

As further illustration consider the following title, descriptors,

and abstract 2 as one message:

(title) Psychophysical relations in the visual perception of
length, area and volume.

2Armed Services Technical Information Agency No. AD-262 148
(30 August 1961).
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(descriptors) Visual perception, Perception, Stimulation, Tests,
Measurement.

(abstract) Subjective length, area and volume as functions of
the corresponding stimulus variables were studied
in three experiments. The exponents of the psycho-
physical power functions scattered around 1 for per-
ception of real space. For perspective drawings of
cubes and spheres, however, the exponents were about
0.75. It was tentatively concluded that perspective
is an insufficient cue to visual volume. The results
are discussed with special reference to certain carto-
graphic symbols representing population magnitude.

Just for this example, we will establish the following convention.

A word type is any unique sequence of exclusively alphabetical symbols

with one or more blank spaces preceding and following it, but vithout

blank spaces in the sequence itself. Capital and lower case letters are

to be considered identical, and all numbers and punctuation are ignored

in identifying types. A primary string is specified as terminating with

the presence of a punctuation mark directly followed by two or more

spaces. This specification results in choosing as primary strings those

sequences of words that correspond to what we ordinarily identify as

sentences. Accepting these conventions we can represent the message as

a secondary string composed of sentence length primary strings:

Psychophysical relations in the visual perception of length
area and volume. Visual perception stimulation tests measure-
ment. Subjective length area and volume as functions of the
corresponding stimulus variables were studied in three experi-
ments. The exponents of the psychophysical power functions
scattered around for perception of real space. For perspective
drawings of cubes and spheres however the exponents were about.
It was tentatively concluded that perspective is an insuffi-
cient cue to visual volume. The results are discussed with
special reference to certain cartographic symbols representing
population magnitude.
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This message, or any part of it, also can be represented by an as-

sociation matrix, where the columns represent the first word in a pair,

the rows represent the second word, and the cell entries indicate the

frequency for each of the co-occurrences. This matrix is, in effect, a

simple coded representation of part of the structural content of this

one message. With the addition of other messages from the same corpus,

the matrix could gradually grow to reflect the co-occurrences of types

in all the messages of the corpus in question. This matirx would reflect

the statistical structure of the corpus, showing which types were asso-

ciated and to what extent.

The Development of a Statistical Association Technique

The actual frequency of occurrence of any pair of word types is

partially a function of the relevant tendency for the two word types

to co-occur because they are associated in some meaningful manner.

However, it is also a function of the separate tendencies, irrelevant

for this purpose, of either of the word types to occur with all other

word types in general. For example, a specific word type will be the

first type in as many pairs as there are other types following it in a

string. Similarly it will be the second type in as many pairs as there

are other types preceding it in a string. A word type will also form

pairs as a function of how frequently it occurs as a type in the set of

strings under consideration.

It is desirable to normalize to eliminate these extraneous in-

fluences: frequency of word occurrence, relative word position, and

string length. This can be accomplished by subtracting from the actual
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frequency of pair occurrence an estimate of the frequency expected on

the basis of chance and position of occurrences as well as sentence

length for each of the two words that comprise the pair in question,

as follows. We start with a matrix of frequencies of co-occurrences:

FIRST POSITION

xj xk  414ki)

y i N'(x.Yi) N(xky )  , N ((J,0),yj) N'(yj)

C
0
NN 1
N N(x N(xk' yk) N(($J'k),yk) N(yk)
D Yk XJ'Yki

P
0
S

I
0
N

N(xj) N(xk) f($J0) No
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where

N(x 3 ,y3 ) - the frequency of co-occurrences with word type j

preceding word type J.

N(x ,Yk) the frequency of co-occurrences with word type

preceding word type k.

N(xj,(Jtk)) = the frequency of co-occurrences with word type j

preceding token which are not of word type j and

not of word type k.

N(x3 ) - the sum of the frequencies of all co-occurrences

with word type j in the first position.

N(y3 ) - the sum of the frequencies of all co-occurrences

with word type k in the second position.

N = the grand total frequency of co-occurrences.

The total frequency of pairs that includes the word type J in the

first position, N(x 3), is equal to the portion of the length of the

string that follows the type J, sumed over the total number of oc-

currences of the type. Similarly the total frequency of pairs that in-

cludes the type k in the second position, N(yk), is equal to the length

of the string that precedes the type k, summed over the total number of

occurrences of the type.

The row and column totals N(x 3 ), N(xk), N(y3), N(yk) and so forth,

supply a statistical estimate of the cell magnitude that could be ex-

pected because of the extraneous factors of frequency, position, and
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string length. Subtracting the customary contingency table correction3

from the actual cell magnitudes, this estimate of cell magnitude can

serve as a first level normalization.

Even with this correction, the cell frequencies are still a func-

tion of the actual magnitude of the total corpus of pairs and the total

number of word types included in the entire matrix. Thus the greater

the total number of pairs, the greater the number to be expected in any

cell. Similarly, the fewer the number of word types, the fewer the

number of matrix cells, and, therefore, the greater the number of pairs

to be expected in any one cell. Consequently, correction of cell fre-

quencies proportional to the total frequency of pairs and inversely pro-

portional to the number of matrix cells results in a set of weights which

is normalized for extraneous factors. The resultant cell weights, Zs,

serve as one estimate of the influence of association forces independent

of individual frequencies, sentence lengths, number of different types

and total number of pairs within the corpus under consideration:

Z~x '~~- 2 [Nlxjlyk) -N(xJ)N(yk 1]

3Note that this initial correction is identical to the coptingency
table correction made by Maron and Kuhns, and Stiles on their matrix
tabular data, although these investigators use row and column totals
based upon frequency of type occurrence, ignoring the variable of how
many types are used to identify a document (our notion of string length).
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where

N(xj,y k ) - the frequency of co-occurrence of types i and J.

N(x)- the total frequency of co-occurrences with token i as

first type.

N(yk) - the total frequency of co-occurrences with type j as

second type.

No = the total frequency of co-occurrence of all types.

n = the number of different types.

When the direction of co-occurrence is not considered, the matrix

can be collapsed into triangular form which reflects Joint occurrence,

where pairs with the words reversed in direction are combined. Each

matrix cell of such a triangular matrix, except the cell where j equals

k, is, in effect, the sum of two cells

N(xJ,yk) + N(x,yj)

In this case, the correction for extraneous factors would be:

Jk n(ntl) N J'Yk~ + N(xky 3 ) N(x 3 + Yj) N(x.k + YkTl
Z (xJ~~ 2 i(x N 02N2

where N(x3 + y3 ) = the total frequency of pairs containing type j in

either position. Therefore, N(x3,y3 ) is counted twice.

If the matter of distance of displacement of the words in the pairs

is ignored for the moment, a matrix of co-occurrences based upon the

statistic Z'(xj,yk) would appear to reflect one statistical tendency

of pairs of types to associate. The matrix is adaptive in that it starts
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with no cell weights if there has been no input of strings. Then as the

inputs begin and continue, the matrix continues to grow and change as it

digests ever-increasing quantities of pairs. Each normalized cell weight,

Z', rises and falls with time as each specific association increases or

decreases in relative frequency. In this way, the matrix memory of as-

sociations changes with time, maintaining a cumulative pattern of asso-

ciations reflecting one statistical characteristic of messages fed into

it in the past.

In addition to this adaptive characteristic of changing memory with

time and with changes in inputs, the matrix is also readily subject to

formal education. Any specific cell weight can be strengthened by re-

peatedly reading into the matrix memory the specific strings that contain

the desired association. For example, by introducing the strings is am,

is are, am is, am are, are is, and are am, we can increase the statisti-

cal tendency of the tokens is, am, and are to be associated.

More complex learning can be accomplished by the introduction of

strings such as man men, men man, singular plural, plural singular,

man singular men plural. In a similar way, we can build chains, lists,

trees, and circles of associations. A chain would be formed through the

repetitive input of the strings of types such as a b, b c, c d, and so

forth. A list would involve input strings of the form a b, a c, ad,

ae, a f, where the word a is the list heading, and the other words are

subordinate entries in the list. A tree would involve introducing the
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strings a b, b c, bd, c e, c f, dg, dh. Circular associations of the

form a b, b c, c d, d a could also be formed. In fact, any particular

configuration of links is possible through the development of an appro-

priate set of input strings.

We have outlined one method for building a matrix of statistical

associations which has the general properties of being able to accept

and analyze unlimited amounts of natural language text dealing with a

wide range of topics. The potential uses of such a technique for form-

ing content association matrices are varied, each potential use depend-

ing on a number of further considerations. First, one must evaluate the

suitability of an association model to the problem area. Second, there

is the question of whether a statistical approach, rather than a deter-

ministic solution, is acceptable. Finally, there is the empirical con-

sideration of whether a matrix of content associations of this type is

powerful enough by itself to satisfy the needs implicit in any problem

at hand. The specific applications that we intend to explore are:

(1) message or document retrieval from a library of such messages or

documents, and (2) message or document dissemination or routing. We

are currently in the process of implementing a computer-bused experi-

mental system for establishing and using the statistical association

matrix for message routing and retrieval along the lines suggested

above.
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PROGRAMING THE STATISTICAL ASOCIATION TECHNIQU

Input Program

As indicated previously, any natural language message material can

serve as an input as long as it is in a form compatible with the input

requirements of the computer. The input may consist of a coplete mes-

sage or document, message abstracts, titles, or key words and may be

placed in the computer by any acceptable input device. At present, very

few extensive documents or message files are in a form suitable for use

as direct input; to make up a deck of punched cards for a book, for ex-

ample, is a major effort. However, there are two types of inputs cur-

rently available that show promise: the teletypesetter paper tape used

by the national magazine and newspapers for regional printing control

and the paper tape output used by some document producing agencies for
4

the same or similar purposes.

For our initial efforts, a search was undertaken to locate suitable

natural language corpora already in a computer-compatible form. Certain

criteria of adequacy were: (1) representative of a heterogeneous message

or document file; (2) pre-indexed so that criteria of retrieval success

could be simply developed; (3) relatively recent; and (4) in a form con-

venient for input.

4The reader is referred to Stevens (1961) for an excellent discussion
of the types of texts available for use in experimental efforts. Cornelius
(1961) discusses input problems in general and appears rather reluetant
to place any hope on an input device short of an optical reading device.
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We found that the Armed Services Technical Information Agency Tech-

nical Abstract Bulletin (ASTIA TAB) met these criteria. In addition, the

TABs were already being printed from Remington Rand punched paper tapes.

Arrangements were made through the Chief of the ASTIA Data Processing

Branch and the Director of the Office of Technical Services, U. S. Depart-

ment of Commerce to borrow the punched paper tapes for two TAB issues,

15 March and 1 April 1962. With the use of an IBM Paper tape reader,

the TABs were transferred directly onto magnetic tape in a form com-

patible with the 1410 computer. Due to errors in the paper tape and

certain incompatible character sets, the entire corpus had to be both

hand and machine edited.

For those unfamiliar with ASTIA TABs, a typical abstract is given

in Fig. 1. It should be noted that a great deal of information is pro-

vided for the reader and that many different types of system inputs

therefore are available: author names, titles, descriptors, as well

as an abstract.

For simplicity of present discussion, in the following material we

will restrict the system input to the descriptor list, which we will call

the descriptor string. All of the descriptors for a single document are

treated as one long sentence of separate words in sequence. We do not

maintain the actual descriptors separated by punctuation but use all of

the individual words in the entire set of descriptor words as individual

types in one long string. All punctuation and capitalization are ignored.

(See Fig. 2.)



21

AD-269 567 Div. 12
(TISTA/SIS) 0TS price $4.00

Space and Information Systems Div.. North
American Aviation. Inc., Downey, Calif.
SPACE RADIATOR ANALYSIS AND DESIGN. PART 1,
by D. S. Mackay and C. P. Seeh. Oct 61, 

2
67p.

Ilt. tiles, tables, refs. (Rept. no. SID 61-
66)
Contract Ar 33(616)7635. Proj. 6146)
ASD TR 61-30, pt. 1) Unclassified report

DESCRIPTORS1 (Spaceships, Satellite vehicles,
aediotors. Radiant heating panels, Metal

pletes, Refrigerant condensers, Heat, Tompera-
taro control, Heat transfer Hot exchangers,
Cnvettion, *Thermal radiaen, Design,
Configuration, Effectivoseos Mathematical
analysis, Military requirements.)

The thermal analysis of component elements of
space radiators is described. Elements Include
rectangular ad circular plates of uniform thick-
sees triangular and trapezoidal fines and coo-
stoat tomperature-gradient fins. A complete
condenser and a radiator are analysed and Illus-
trative examples gives. The thermal analyses
produced relationships between the physical prop-
erties and dimensions, element and environmental
temperatures. and rates of hot transfer. These
are shown graphically for all types of elements.
The optimum proportions of space radiator
elements having the greatest ratio of beat
radiation rate per pound of weight are alsoindicated graphically, and procedures for their
caltclation are shown. The discussions on *on-
densers and radiators Include dimensional-thermal
relationships and weight-optimizing procedures
for complete units. lAuther)

Taken from ASTIA TAB, 15 March 1962.

Fig. 1 Typical ASTIA Abstract
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269 501 C042 ('CARbON CIOXIDE, *OECOMPOSITIONt *REOUCTION# HIGH TEMP
ERATURE RESEARCH, RADIA-TICN EFFECTS, PHDTOCHEAlSTRY, ALKALI METALS, ALK
ALI METAL COMPOUNDS, HYDRICES, HYDROGEN, CATALYSIS, CATALYSTS, I(ON, WAT
ER9 SEPARATION, CARBON DEPOSITS.) (WATER, ELECTROLYSIS.) (SPACESHIPS, S
ATELLITE VEHICLES, *AIR CCN-OItIONING EQUIPMENT, PRODUCTION9 OXYGEN.)

269 557 0043 (#HIGH PASS FILTERS, *TELEPHONE COMMUNICATION SYSTEMS,
MULTICHANNEL TELEPHCNE SYSTEMS, CIRCUITS.) (PULSE TRANSMITTERSt PHASE N
ODULATIONt *SIGNAL-TO-NOISE RATIO.) (DATA TRANSMISSION SYSTEMS, TELEPHON
E LINES, TELEPHCNE SIGNALS, ATTENUATION.) -
269 561 0044 (*TELEPHCKE COMMUNICATION SYS-TEMS, DIGITAL SYSTEMS, SW
ITCHING CIRCUITS, PANEL SCARCS (ELECTRICITY), MULTIPLEX TRANS-MISSION, S
TORAGE, COKTRCLt DESIGN.) ('MULTI-CHANNEL TELEPHONE SYSTEMS, DATA TRANS
MISSICN SYSTEMS, ELECTRONIC SWITCHESt TIME INTERVAL COUNTERS, *MAGNETIC
CORE SWITCHES.) -
269 562 0045 (ENERGY, *TRANSFORMERS TRANS-DUCERS, *ELECTROMECHANICA
L CONVERTERSt CIR-CUITS, ELECTRICAL NETWORKS.) IN ON-LINEAR DIFFERENTI
AL EQUATICNSt LINEAR SYSTEMS.) -

269 568 0046 (*INTEGRAL TRANSFORMS, INTEGRAL EQUATIONS, MATRIX ALGES
RA, SPECTRCGRAPHIC ANALYSIS.) (RACIO SIGNALS, NOISE (RADIO)# INFORMATIO
N THEORY.) THESES. -
269 510 0047 ('LATTICES, THEORYP 'LIQUIDS9 'GASES, *SOLIDS, ABSORPTI
ON, PIYSICAL PRCP-ERTIES.) (MOLECULES, PARTICLES VELOCITY, DENSITY, EN
TROPY.) (9QUANTUP STATISTICS PAOeARILITYs INTEGRATION, STATISTICAL D1.
STRIBUTION.) -

269 574 0048 ('ELECTRIC DETONATORS, *ELECTRIC IGNITERS, ELECTRIC BRI
DOGESt TEMPERATbREv ELECTRCMAGNETIC EFFECTS, ELECTRIC WIRE, HAZARDS, DETE
CFORS, OPTICAL EQUIPMEKT, 'TEPPER-ATURE WARNING SYSTEMS DESIGN SENSITI
VITYP TESTS.) -

269 577 0049 (*'UCYANT MATERIALS, *PROTECTIVE CLOTHING, TERMINAL BAL
LISTICS.) (FIBERS, SYNTHETIC FIeERS, TEXTILES, 'DACRON 'ORLON 'NYLON,
RESINS, ACRYLIC RESINSt FLCTATICNt CLEANING.) IFRAGMENTATION, PENETRAT
ION, TESTS.) (*ECY ARMOR, MATERIALS.) -
269 583 C050 (.ATCMIC SPECTRUM, 'ELECTRIC FIELDS, *INFRARED SPECTROS
COPYt 'POLECULES.) (DIPOLE MOMENTS, POLARIZATION QUANTUM MECHANICS, ENE
RGY.) (OPTICS, LIGHT TRANSMIS-SIONt OPTICAL EQUIPMENT, MOLECULAR BEAMS.
I (COATINGS OF ALUMINUP CHRCPIUM, GOLD.) (REFLECTION DIFFRACTIO GRATI
NGS, COLLIMATCRS.) -
269 584 005i (LIQUID ROCKET PROPELLANTS, 'PROPELLANT TANKS, PRESSUR
Et CCNFIGURATICN9 GECMETRY, VCLUME, DESIGNP MILITARY REQUIRE-MENTS MATH
EMATICAL ANAL YSIS, HANCbCKS.) (GAS GENERATING SYSTEMS, ROCKET FUELS, RO
CKET CXIOIlERS, VAPORIZATICN, COMHUSTION.) (GASES, LIQUEFIED GASES, OXYG
EN, HYDROGEN, HYCRAZINES, METHYL HYDRAZINESt NITROGEN CON-POUNDS TETROX
IDES, STORAGE.) (PRCPELLANT TANK LINERS, MATERIALSt METALS, PHYSICAL P
ROPERTIES.) HEAT EXCHANGERS. -
269 587 0052 (SPACESHIPS, SATELLITE VEHICLES, 'RADIATORS, RADIANT HE
ATING PANELSt METAL PLATES, REFRIGERANT CONDENSERS# HEAT, TEMPERA-TURE C
CNTROL, HEAT TRANSFER, HEAT EXCHANGERS, CONVECTION, 'THERMAL RADIATION,
DESIGN, CONFIGURATION, EFFECTIVENESS, MATHEMATICAL ANALYSIS, MILITA'Y RE
QUIREMENTS.) -

269 589 0053 I'GRCUP IYNAMICSt *JOB ANALYSIS, EFFECTIVENESt FEEDBAC
Ke LABOR.) SOCICMETRICS. MATHEMATICAL ANALYSIS. -

Fig. 2 A Sample of the Descriptor Strings. (The First Two
Groups of Numbers Are the AD Number)



23

Frequency Matrix Formulation Program

The frequency matrix formulation program converts the input

described above into a matrix of word pair co-occurrences suitable for

use in the association matrix program. The program5 actually is made

up of several distinct subroutines. The subroutines and the machines

for which they are written are listed:

(1) Packing subroutine - IBM 141o computer

(2) Concordance subroutine - IBM 7090 computer

(3) Pairing subroutine - IBM 7090 computer

(4) Sorting subroutine - IBM 7090 computer

(5) Counting subroutine - IBM 7090 computer

(6) Printing subroutine (optional) - IBM 1410 computer.

Although the specific functions of these subroutines are suggested

by their names, a quick summary of what they do may be informative.

(a) Packing. To edit input material expeditiously, an editing
program was used. However, the edited output to the concordance sub-
routine was not adequate. That is, the tape record lengths are small
(72 characters) while the concordance can handle up to 1000-character
record-lengths. Thus, to provide the input in a more efficient format,
a packing subroutine was written whose output results in 1000-character
record-lengths.

(b) Concordance. This subroutine accepts the output of the pack-
ing subroutine and writes a tape which adds for each word a series of
identifying numbers. Each word is thus identified as having come from
a particular message, a particular sentence, and a particular position
in that sentence. The concordance tape is never erased since it contains
the entire corpus. The tape is used for several purposes. It is used

5Al of the subroutines in this program were written by members of
the Programming Research Subdepartment of the Computer Applications De-
partment at MITRE. In addition, members of this group aided in the con-
ceptualization of much of this work.
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during the retrieval program in order to assign document relevancy num-
bers to each document sentence, and it can also be used at a later time
with different programs to generate statistical information about vari-
ous linguistic parameters such as word length, sentence length, word
distances, and the like, as desired.

(c) Pairing. This subroutine works interwoven with the concordance
subroutine although they are independent of each other. It is initiated
by the discovery of an end-of-sentence mark. The function of this rou-
tine is to pair words and prepare an output in the form: "Word - Word"
for every word in the string. For example, if t~e input sentence were
"270 563 Algebraic topology groups mathepatics."O the subroutine would
write:

algebraic - topology

topology - algebraic

algebraic - groups

groups - algebraic

algebraic - mathematics

mathematics - algebraic

topology - groups

groups - topology

topology - mathematics

mathematics - topology

groups - mathematics

mathematics - groups

(d) Sorting. In order to count the number of common word pairs,
all the word-pairs must be put into some cogent order. This is the most
time-consuming portion of the entire program and perhaps most basic to
it. The alphabetizing of the word pairs is done by the IBM - 9 SORT
program.

(e) Counting. The list of alphabetized word pairs is then reviewed
and identical word pairs counted and combined.

6ASTIA AD 270 563, 1 April 1962
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(f) Printing. The printing subroutine is optional and when the
system is checked out and operable it will rarely be used. At present,
however, for checkout purposes, printouts of the frequency matrix formu-
lation program are being made (see Fig. 3).

Statistical Language Information

At present, we have not prepared a detailed program to provide

statistical language information. However, certain parameters essential

to the operation of the present program are computed and can be printed

out at relatively small time and computer cost. These are:

(a) Number of Tokens

(b) Number of Types

(c) Number of Strings

(d) Frequency Distribution of string lengths in

steps of 1 from 1 to 50.

Other linguistic information can, of course, be obtained from the

concordance tape.

Association Matrix Program

The word-word association matrix uses the output of the frequency

matrix generation program. The cell values resulting from the normali-

zation subroutines of the association matrix represent the degree of as-

sociation between two words after certain corpus artifacts are removed.

As we noted in our previous discussion, a cell value in the original

frequency matrix is affected by three artifacts; the number of times a

word appears in the corpus, the length of the corpus; and, the average

string lengthc. Other variables probably tend to affect a frequency
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matrix cell value but these cannot, at this time, be fully accounted for

and thus subtracted from the cell value.

The normalization program includes an optional printout routine for

the 1410 computer (see Fig. 4). As with other optional printout routines,

we do not expect it to be used after checkout is completed. However,

this routine is useful when we deliberately alter cell values by adding

special word strings to strengthen specific word associations.

An Algorithm for Routing or Retrieval

We start with any set of query or routing types, all of which must

appear at least once in the corpus. These types serve as the means by

which we expand to another set of types, all of which are highly asso-

ciated through the normalized matrix to the original query types taken

as a whole. This set of associated types, combined with the original

set of query types, then serves as the basis for deriving another set

of types. The procedure can, of course, be repeated any number of times.

This informal characterization of the algorithm can be stated more

precisely: Given a set of query types, the matrix is searched to locate

all types which have been associated with each and every one of the query

types in the set. From this group of words, those (equal in number to

the number of query types) that have the highest sum of normalized matrix

weights (when summed over all of the query types) are selected to form a

set of first order types.
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Having obtained this set of first order associates, we form a new

set combining these first order types with the original query types.

With this larger set of Joint first order and query types, the matrix

again is searched to locate all types that have been associated with

each and every one of the types in this expanded set,. From this newly

located group of types, those (equal in number to the number of joint

first order and query types) that have the highest sum of normalized

matrix weights (when sunmed over all of the first order plus query

types) now are selected to form a set of second order types.

The procedure for determining first order associates can be pre-

sented in a symbolic form as follows:

Let ajk = the Z'jk for T with respect to

where, q e Q

Q = (query terms]

T is any term in the normalized matrix but Q
J any raw of the normalized matrix

k = any column of the normalized matrix

then T UcA a (k) tjk & a is among the nq highest sum

where, A = (first order associates]

nq
a k=lak

nq = the ,number of terms in the class Q
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The second order associates are derived in a similar fashion as

follows:

Let %jk = the Z'jk for Tr with respect to sk

where, a g A

T = any term in the normalized matrix but 4A,

then ToB in (k) tjk Ojk & s' is among the 2Aq highest sums

where, B = (second order associates]

n nq as'= . + Z Bj
3 k=lj  k = jk

n = the number of terms in the class A.a

From the above it follows that Q, Z, B are mutually exclusive.

Having derived the first and second order association terms we

can then note for each document the occurrence of each query term, each

first order term, and each second order term. The documents then are

ordered according to the following rules and definitions:

Let nb = the number of terms in the class B (2nd order associates)

n. = na - n b/2

J = nq+ na+ nb

k- + 0 alOOnq +lOn b

DJ, k n a message or document with J and k indices as defined

above.

Dlr>D2 means that DI is more relevant than D2 -
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The ordering uf messages or documents on the basis of relevance is

then:

D r> DJ1

and within the j set of messages

Dj,kr• Dj,k-1

In such an ordering each cut "j" is further subdivided by "k 2"

This procedure, of course, presumes that messages containing the query

types are more relevant than those that do not, those that contain first

order associates are more relevant than those that do not, and so forth.

Let us now examine a specific example. We derive the association

matrix in the manner described above for 500 documentL w represented

by their ASTIA descriptors, and a printout is obtained.

The query types chosen (Q) are thermal, radiation, convection. We

then search for those other types that are associated, either negatively

or positively, with all three of them. Fig. 5 gives the more highly as-

sociated types and their values as determined from the association ma-

trix, as well as their algebraic sum. Based upon the rules listed above,

we select the three first-order associate terms (Class A) that have the

highest algebraic sum h that also satisfy the requirement of mutual exclu-

sion. Radiation and thermal are highest with values of 365 and 157,

respectively. However, they already have been chosen as query terms and

therefore are rejected. The next three highest are heat with 13;,

temperature with 115, and transfer with 107.
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Qpery Terms

Associated Algebraic
Terms Radiation Thermal Convection Sum

radiation 245 116 4 365
thermal 116 36 5 157
heat 8 I00 25 133
temperature 87 25 3 U5
transfer 28 66 13 107
combustion 39 20 6 65
spaceships 39 7 6 52
mathematical 15 14 4 33
panels 16 3 7 26
control 17 2 5 24
heating 5 ii 6 22
radiant 6 6 7 19
radiators 6 6 7 19
refrigerant 6 6 7 19

(Summed over the three query terms; the cell weight is Z' as
previously defined in the paper; each Z' has been multiplied by
1 x lO8.)

Fig. 5 High First-Order Associations Ordered by Algebraic Sum
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Now having six terms, we then search for all of the words that are

associates of all the six taken as a group, and obtain their algebraic

sums. Fig. 6 gives the types most highly associated with all six terms.

The six second-order associates with the highest sum are chosen by a

process similar to the one for the first order associates, terms pre-

viously chosen being eliminated. In the order of their algebraic sum,

these are heating (195), gas (148), boundary (14o), layer (14o) ex-

changers 99), and in this case because of the tie in value, hydrogen

and spaceships both with (67).

Having obtained the first and second order association types, we

then determine the number of Q, A, and B terms each document contains.

In other words, we develop the j index value for each document. If any

term is repeated within the document, it is recorded only once. Those

documents that have a higher J should be more relevant than those having

a lower J. However, for some js the number of documents is quite large,

and it is necessary to use the k index within each J. Fig. 7 shows in

rank order the documents retrieved by this procedure for the query:

thermal, radiation, convection in terms of J, and k within J, with a

cut-off point at 3=3,

The selection and ordering of the documents shown in Fig. 7 have

a high degree of face validity; however there is another side to this

coin: the number of relevant documents that were not retrieved by the

algorithm. The authors and their staff rated all 500 documents on the
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Query Terms First Order rerms

radia, ther- convec- tempera- Algebraic
word tion mal tion heat ture transfer Sum

heat 8 100 25 110 131 214 588

radiation 245 116 4 8 87 28 488

transfer 28 66 13 214 12 20 353

thermal 116 36 5 100 25 66 348

temperature 87 25 3 131 -41 12 217

heating 5 11 6 78 44 51 195

gas -27 22 13 103 -0 37 148
boundary -7 5 13 73 -3 59 14o

layer -7 5 13 73 -3 59 140
exchangers 0 10 6 62 2 19 99

hydrogen -10 11 6 32 13 15 67

spaceships 39 7 6 4 9 2 67
panels 16 3 7 21 5 5 57

radiant 6 6 7 20 5 6 50
radiators 6 6 7 20 5 6 50

refrigerant 6 6 7 20 5 6 50

(Summed over all query and first order terms; the cell weight is Z'
as previously defined; each Z' has been multiplied by 1 x 108.)

Fig. 6 High Second-Order Associations Ordered by Algebraic Sum
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basis of their relevance to the query thermal, radiation, convection.

The Judgment of relevance was made on the basis of the more complete

document abstract rather than on the descriptor string. Seven addi-

tional relevant documents were located. Of these, two were selected

by the algorithm with a cut-off point set at J-2 and one was picked

up with J=l. The remaining four were poorly indexed and would have

been judged not relevant by a human who depended upon the descriptor

string only, as the matrix did, rather than upon review of the abstracts.

Conclusion

The work done to date, and reported at this time is introductory.

Continuing analysis of statistical association procedures is now in

progress, and additional results will be presented in subsequent re-

ports.



35

40-269 587 lilv. 12 AD-269 741 Di. 9 ,23, 12
(TISTA/SES) OTS price $4.00 (TISTA/VGM) 075 prc 3.60

Spa..e and Information Systems Div.. North Space Technology Labs..* Ina., Los Angeles. Calif.
American Aviation, In one aif. RADIATION room SHOCK-HIEATED AIR. PART I .
SPACE RADIATOR ANALYSI N EIN ATI EQUILIBRIUM RADIATION,
by D. 9. Mackay and C. P. Bach*. Oc0 1 217P. by Hone G flyer. Oct 61,3p c.iln
Intl. i11.5. tables, refs. (Rept. o.SID 6I- CS refa.t(rpt.69 no 61)0-.0I-NIJ- 0I
66) (otctAV 4641
Contrset Ar 33(616)7635. ProJ. 6146) (BD TN 61-21) Unclassified report

ASO o 6130.pt. ) Uclasifid reortDESCRIPIORSi (Re-entry vehicles, Shock tubes,
DESCRIPTORS1 (Spaceships. Satellite vehicles. *Shock waves. Boundary layer. Re-entry aeri-
iRadiators. Radiant hosting panals. metal dynamica, Aerodynamiic heating. *Thermal
p laes. Refrigerant condensers, Meat. Tempera- radiation, *Heat transfer, Numerical analyhs
tre Control, MNttaae Host exchanglers. Temperature. Density. Mathematical prediction.)

Convection. ayere rait0. Deeign.
Configaratin, Effectiveaeta, Mathematical A com~putational procedure giving equilibrium
analysis, Military requirements.) radiative beat trensfer rates to the surface of

ashock engulfed vehicle is presented. The local
The thermal aalysia of compoaent alecenta of transfer rates are obtained in terns of the local
apace radiators Is deacribed. Elements Iaclude temperature and density at the outer edge of the
rectangular and circular plates of uniform thick- boundary layer and an effective thermal layer.

mess. triaagmlar and trapezoidal fias. and con- The computed radiative transfer rates around a
ateat teeperatara-gradient fins. A complete typical entry vehicle are presented. A computa-
cadenser and a radiator are analysed *ad illas- tional procedure for the non-equilikrium in-
tr:tive examples given. The thermal asslyses distion Is presented In Par AI (Ah r)
predated relationships between the physical prop-
ertien and dinsmeasn element and Iav rommeatal
teapetstures, *ad rates of hest transfer. These
are sheen graphically for all types of elements. j.
The eptimam proportions of space radiator a8
elements boving the greatent ratio if hoat
radlatles rate per pound of weight are aIs* kx233
Iadicated graphically, and procedures for their
ealc"letiem are ahown. The discusnions on cia-
denser. *ad radiators include dimesional-thermal
relatienships and welgh-piiing procedures
for complete salta. (Rather);

kc 333

Fig. 7 Ronk Order of Documents Retrieved
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A5-269 816 Div. 2, 9, 4 AD-269 797 Div. 25

(vISTP/rFA) OTS price 10.10 (TISTP/r) OTS prie 62.60

AoroChom Research Labs., Inc., Princetom, N. J. AVCO eMoscoh Lab Everett Moss.
CONVECTIVE HEAT TRANSFER WITH CHEMICAL REACTION, BASIC STUDIES IN iNONETOHRDNOUtNALICS.
1. THEORETICAL DEVELOPMENT OF CORRELATION FOR- final rept.. I May 57-31 Oct 61*,
muLAg FOR THE PREDICTION or HEAT FLUXES IN HIGH by Richard N. Patrick. 31 Oct 61,'2Np. I.
ARrORHANCE ROCKET MOTORS AND RELATED SYSTNS. Illus. 17 ref.

Interim teehnical rapt. on Researoh o Combae- (Contract A? 49(6J1)61, Proj. 9751)
ties Kinetics, (OSH-1787) Unclassified report
by Daniel 3. Rosner. Aug 61, 

1
29p. rote. ils uICRIPTORUI (au.negteybdrodynamice, gas flow,

table,, 129rats. Pegastie fields, coefiguretieon, Drg, Lift,
iceutrnctAF 3(616)6216, ProJ. so 7013) Electron beae Electron gU, Hyrogen,
ARL 97. pt. I Argon.) (ePtome phycs, Propuloeln, ao

Unclassified rapert loatastion, Exhaust glle, Veloeityo leokts,
Hosting, Specific Impulse,) (eNub tempera-

DESCRIPTORS GCaser trnesfer, conveetion, tirm research, Shook tubes, Thernooaelear reae-
Soundary layer, Gae flow, Chemical roetons, tios, Electric power production. Hea -
Thermoeomaltry, Thermodynamic@, loket changers. Infrared dotectors, Meoauramont,
notors.) (Transport properties. Reeombination Heat transfer, Shooh waves.)
reactions, Boundary layer, Gs flow, Hyper-
sonic flow, Nypersosic measles.) (Distoie- Research was directed toward obtaining a basis
ties, Combustion, Hydrogen, Oxygen, Diffusion.) uaderstanding of magnotohydrodysames. The
(Experimental date, Tables.) isitial stad led to three possible appliea-

tides for aneotehydredyenmios which an turn lad

Energy transfer In chemically reacting bonndery to three categotes of roeeh. The firtt
layer flows ti discussed from the point of view to t aeres of eserch. The r

of the Investigator, who is seeking to extend application appeared in aomation with the preb-

esistiag correlation formulae to cases in which le i lk of ig-altitude, very hdrdvelcit fih

thermochemical effects Influence heat transfer h aliht a namc theoa te pediciomof $econd opplicatioa was plasma propulsion. tho
rates. Emphasis Is placed on th third ctegory use the production at a ry high
eav ctlve he t fluxes In high perforn O ea or p of 9° veryt h igh

rocht notoae however, examples are also taken temperature collision-free plasma. (Author)
Iree the field of hypersonle gas dynmicse, as
fellws the aprpriate driving force for heat
traefer with ceical reaction, effects of the
eahaneed efflcenr of energy transport by dift- Ja 7
sI ee as compared to ordinary conduction. colele1-
ties of the turbulent film conductance I. aus ym- k, 034
mtric nuzzloe, thermodynamic calculation of
eethalpy/nixture-retie charts for combustion gas
ixtere, effects of chemical aon-equilibrium
is the gas phase, sffats of sarface catalyzed
eXothermie recambinetion reactions, extimstion
f transport properties in pqrtially dissociated

gs mixtures with emphasis on the binary diftu-
slamcoefficent pertaining to molecular fre-ments. (Author)

ka 124

Fig. 7 (Continued)
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GYRO TEMPEPATIIRE CONTROL WITH A 1I,Q1111 SOIIIRCE
BOOST TANKS. by R. E. Marshall and R. M. Jameson. Wor 60,
Qeor!erly progress rept. so. 8 for period ending UIp. inel. illus. tobles, 6 refs. (Itopt. no.
31 July 61, E-0)
by J. G. Connolly and 9. R. Etheridge. Dec 61, (Contract AV 0(647))03)
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(Cotract Ar 33(616)5151. Proj. 3ogI)
(OGRP T-61-2) Unclassified report OFSCRiIPTOtSt (liquids, leat transfer, *Gim-

bals, Temperature control, OGyroscopes.)
DESCRIPTORSo (Liquid rocket propelliets. (oundary layer, fluid flow, Hest, leat trens-

Cryogenics. "propellent teaks, Feel teaks, fer, Test methods.)
Propelleant took liners, lasulating materials,
Desigo. Proceassig, Neat transfer, AerodynemoI The thermel and fluid coaditloem that exist In
hosting. Test metbds, Test equipment.) (Liq- the test glmbal end fluid jacket are described.
Nefied geso, Hydrogea.) Thermel lsulstioe. Fluid flow rates in the fluid jacket closely

govern the gyro heat transfer parformence end
The design and fabrication of two 7000 gal Improvementa In this flow rate mill substetially
liquid hydrogen fuel tonk$ of TI sad ataeiless raios this performance. Coupled to this is the
steel are described. Insvlstiag materials aed close ettestios that must be peid to all bet
methods of insulation are also described. Tests transfer parameters about the Teat Glmbel,
wore successfully Conducted to cheek out the evidenced by the changes in the aarroundimg
tank drai oassembly. Further tests will be con- Insulatioa. Several improvements are needed to
doted to determine the het transfer of the yield test conditions that fully simulate sye-
tanks during simulated rocket flight conditions. tem coeditions. Notable ambient sensitivities

are still present in the test unit. Fluid tom-
perature loam-gain profiles, shows that the
thermal conduction losses of the gyro mountings

j8 5 ore great enough to prevent any fluid temperature5gain with power on. This situation can be cor-
22) reteed by installing *mell auxiliery heaters on

the gyro mounting blocks to make up for these
coadoction loessee. The second correctable con-
dition Involves the temperatere controller sen-
sitivities end time constents. Experience has
shown that these factors ere nsot In line with
similar types of control anits. Only with a
precise description ef ell the thermel soaditions
In both the laboratory teat unit and the system
cam the required eccuracies of gyro lstrumento
be realined in peratiesel systems. (Author)
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Seeing Sce tifie eseah Labs., Seattle. Wash. Lockheed Aircraft Cou ., Mariett, Ga.
SPEC FSIP ON T0 LA MINAR BOUNDARY LATER SURVEY AND ANALYSIS 0P NTPIRSONIC AND RE1-EN1TRY

MEAR THE LEADING EDGE OPI A FLAT PLATE IN HYPER- VEHICLES.
SONIC RAREFIEZD GAS FLOW, Rept. en Research ema Aerodynamic Flow Fields,

IjI~ :. Street. Plnv 61, 64p. Int. ils, b0.N a, .N Little *1jr. and ethers.
49 D-8 _0 38) sep 61,*113p. lc. 111.5. 521 ?of#.

Unclassified report (Cotrat A F 33(616)7227, Proj. 7064)

IESCRIPTORSs (Sheets, Gas flow, Aerodyamics R s osfedpr

11ypersonic "3, auprerodynamics, Shock waves, DISCRIPTORSI (elleeetry vehle o, viype,-
lt"ndary leaer, Lminar boundary leyer, velocity vbehies, Flight paths *Sheb we,p4

Re-entry eerodynaaics, Reporatedsreole#.
Friction, Drag Nost transfer, Mathematical allyperesieg, Ablation. 6eemory Iler.
amalysis, Di fees.e qutis, Partial sA;bodmmamieo hetting, rictilon,afNest tramsfer,
differential equstione, Inctgral equetios, Lift Ureg, pressure, The or, Mt hematical
Series.) analysis.) e1ibliegraphy.

Nerthe loading edge of a sharp flat plate in A survey and analysis man made of the ecether-
highh speed, low denat l o o f high tempertare medynIs problem areas Iste lih speeruw
gSesn the induced @hock wave Is almost straight of hper soe glide oad reetrO vehils Thi
end the pressure end velocity downstream are flight spcrmwaFeie by Fpunds botwe
therefore approximately constant. Assuming that 5000 ft/~ end orbital apeed sad by altitudes
the oster edge of the viscoes lae smio ewe 00 000 Bad 400,000 feet. Major problem
with Te 06 hekwv inti reino eflw, areas to fdgt within thi spectrum were an$-
It i. possble to integrate the boundary layer lfe tdermne the cerg ofe tigdate

eqaton wthfirst order slip io the boundary and to recemos arose whevr farther reosrcQh Is
coaitins c.wt theG plate using a Gortler.-type seeded. (Author)
action in ftatlonal powers of x, the longitud-
iall distanc along the plate. The first two
terms is this series have bees found in closed,
analytical form. To terms in x to the first x 5
power t0e result lends to a constant value of the k 2
koficet!A nezml the rtoult Iis applied

to a fl t st flying at Nach number 20 at
295,000 feet alItitudo, whore the effects of slip
are significan o sdrbe dstaocd
downstream of the ledn!de AuthQ;o
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Brown U., Provideace, 1. I. Fuels Research Lob.. East. last. of Took.,
EFFECTS Or CONDUCTION AND VISCOSITY ON THE Cambridgo.
STARILITY OF LAMINAR FLANK, TRANSIENT NEAT AND MOISTURE TRANSFER TO SKIN'
by J. T. Porlo-go and nos-Te ChI. Sep 61, THROUGH THERMALLY IRRADIATED CLOTH,
I p. 5 ref. (Rept. to. AF 646/) by N. C. Mottel, G. C. Williams and ethors.
(Coatract AF 49(6 0)646, Proj. 9751) 26 Dee 61, 130p. foel. tIlt,. 23 roe. (Tech-
(AOSR-159) aicel rept. to. 8)

Unaclassified report (Coatract DA 19-129-qm-1592. Proj..ass. 7-12-01-
002, tod 7-99-0-001)

DESCRIPTORSi (OLomiser boudaty layer, Unclassified report
:;Jews@. Conductivity, Viscsity. Stability,

:fd flew, Gore@. Exhaust lose*. Nick DESCRIPTORS1 ('Skin, Sart:s, labibitie., Si.-

number.) (Ge Ionation, Chemical reactios tleties.) (Protective covering@. %Protective
Tomperstore, Host, Specific hest, Presstre.) :lothin, Fire protective slethin, ENteriels,
(Ealoear structvre, Theory, Gaes, I.iqtidt.) Textiles, Cotton textiles, *eot treasfer,
(Perturbetiot theory, Equatiotn, Differeatiel Thermal coedoctivity, Colors, Moisture, loth-
equatles, Partial differentiti eqautions.) ematilelytis.) (Thermal adietio, Thor-

mel ioelsties. Test methods, Test equipment.)
The effects of coduction and viscosity ou the
stability of lIomier flame are examined. If A sttdy wae made of the actioe of sloth it pro-

L denotes the ratio of the wave length of 6 tecting skin from thermal ljary rosultin g fre
disturbance to the flame width and alpha is the exposure to high-Iatenotity thermal radiation.
ratie of the ultimete temperature of the barned Methods mere developed to obtain temperature-
sa to the initial tomperettre of the fresh time-depth dota for a system aioletioe skis

mixture, the flume is found to be stable if L covered by a layer of dry or moist sloth. gx-
is less that (or equol to) 2 alphe/(elpho-1) perimoatally this wee accomplished by the use of
multiplied by 1/RePr where No is the Reynolds a copper-eir slmeltst which accepts beat at the
mumber of the fleme based on the flume width same rate at hamet ekia but develops a proper-
and Pr denotes the Proadtl number of the mixture. tloully strGethed temperetore profile. The
It I further shown that the stobillatiom i method fesilitatea the iospectiom of the ifle-
echieved primarily through the effect of host *ets on temperattre distribution in the skis of
coaduction on the flame speed rather then the vrots system properties and the surrounding
Itfltece of viscosity. (Author) coaditions. The skin etholpy rise above 

critical temperateure level, a feasible besas for
correlating barn date, was found to be very sen-
sitive to slight varlatit i the temperature

j 5 response and deserves further testig. (Authrl
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Defense1 Metals Information Center. Columbus. Arnold Engineering Development Center, Arnold
Sohi. TNEO CRMU.CLUBU.ML Air Fares Station, Tons.

THE INTAC o HOIIM OIMID.MLBEN11JI, DIAGNOSTICS or A PLASMA PLANE EXHAUSTING TO
TANTALUM. AND TUNGSTEN, ATMOSPHERIC PRESSURE,
by W. D. Wood, H. W. Doom, and C. r. Lucke, by V. K. McGregor Jr., N. T. Dooley, i .3

1 0 Dec 61. 47p. fee. fli. 24 refs. Brewer.' Jon 62. L,5p. tac. fies.. te-blos (iAEDC
(DUIC Memo. no. 141) TR 61;:6 )

Unclussified report (Contract Ar 40(600)B00, Proj. 3951)
Unclassified report

DESCNIPTOESI (Metals and Alloys of OChromum
'MIolybdenum, 'Niobivm, 'Tantalum@ OTungIMte.), DESCRIPTORSi (Plais physics, *Plasm* jota,
(Olhermal radiation, Thermiomic omission, Gas Ionization. Helium. gArgion, Temperature,
Blackbody radiation, flent transfer, Momoebro- HNurement, Instrumentstion, Spectrographic

estic light, Absorption. Brightness, Noflec ean s. ( o Planina Jets. Exhaust gases,
tio.) (Tent equipment, Thermocouples, EshmetfeeTemlraitoHtoeim
Thermopiles. Optical equipment, Radistion one s.)
pyrometers. Spectrophotometers, Thermistors.)
Date.Tsbil. A spectrometric method to measure tempaert In

0 high temperature gas stream produced by a
A compilation Is presemted of original test dots Gerdies-type are plasma gemerator weas developed.
em emittence, reflectance. and adsorptace of The Fowler-Milos peaking fuaction method was
Cr, Nb, No. To, amd W. The data mere taken employed which utlined bath the seoctral limo
froe the literatire published daring the end continuum radiation in the 4000 A range from
period 1940-1959 inclusive, and as much of the in argon plasma. Excitation temperatures memo-
1960 literature as could be obtained. The ured from lime redietiom @ad electron tempera-
foilowmig sources mere searchods Chemical tnrea determined from the continuum radiation
Abstracts, Ceramic Abstracts, Metallurgical @fgreed within about five percent. The method mas
Abstracts, Nuclear Science Abstracts, aid the applicable provided temperatues larger them
files of the Defense Metals Information Center 16.,000 K existed at the canter of the exisyn-
(DVIC). An attempt was made to evaluate these metric jet;, the range of temperatue measurement
sources of date according to the apparent was them from @boat 7000 to 28,000 K. Comparison
thoroughness of methods and techniques as de- of the average temperature obtained using the
scribed by the various Investigators. In many spectrometric method with the oeorage temperature
cases the descriptions In the literature nre a obtained using en energy balance Indicated
summary of methods and results, and s complete serious disagreement. Comparison of the total
evaluation is Impossible. Curves are presented enthalpy obtained using the spectral temperature
which appear to Indicate the most probable with that obtained from the energy balance also
wolves for the varios conditions and materials, Indicated disagreement. The reason for the din-
(Avthor.) agreement wise that the jet conaisted of 1.1gb

frequency arc channels moving about In the stream
and that the radiant emission reaulted fs'om thee
high temperature electrons rether then from the

j2 4 eve9rage gas atoms. (Author)
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Geneoymamics/Comvair. Son Diego, Calif. Air Force Cambridge Research Laba. , Redford.
EXPERIMENTAL DETERMINATION Or THE SLOW NO DECOR- Mas
POSITION REGIME AROUND 3000 DEGREES K BEHIND A NUMERICAL METHOD FOR COMPUTING.-RADIATIVyE
SHOCK WAVES. TEMPERATURE CIIANGES NEAR THE EARTH-S SURFACE.
by C. 8. Ludwig, K. 6. P. Saleman, and by William P. Elliott and Donald W. Stevens.
P. S. Hrbacek. 30 Jm h61, ?7p. lad,. fils. Sep (I. 21p. inci. ils., table. 12 refs.
10 refs. CRept. no.vZ; _t10 (R eerhntsn.61ACL89
(Contract DA O1,-19-ORD-3112i (CR0j Reerct otln.55)ACL.E9
(ARPA Order ao. 39-59) Unclassified report ~ t5)Unclass ified report

DESCRIPTORS, (*Shook waves. 'N1itrogen son- DESCRIPTORSi (Namerical aaiis *lfrsrd
pounds, *Oxides. lInfrared radiation, Velocity, radiatioa. Earth. Surface propert:ies.)
Xesarement, Temperature, Density, Optica (Temperature, Atmosphere. "Climate, Water

systms. (Het tamaer, age, Lad dltr- vpor, Specific heat. Air. Density, F'og.)butian, Manch number. Vat... systems. Photo- (igital compaters, Programing. Partial
graphic analysis.) (Electronic equlpmaent, differential e q atios.1a
*Shock tubes, Osciliograms, Oscilloscopes,
Miniastare electronic equipment. Piezoelectric A method of computing the temperature changes due
gages.) io infrared radiation flux divergence is

pr:eeted. ,The method is based upon a tobvlsrThe decomposition of nitric oxide between 2250 shm deloped bY 0. 1. 'l"rooks ',J. Meteor.
end 34,50 K has been studied In shock tube ex- ",1-2 , c). Application of the method
perimeats. The emitted Infrared radiation of the to srtsal data shows that the radiative temper-
fundamental bond system of NO has been sied to ature changes can e~reri the observed temper-
determine the tie duration of the slow decom- sture chonqes at night. The radiative temper-
position regime of NO behind shock waves in pare stare chantles decrease with elevat ion sod be-
RO. It in found that the temperature dependency comec I - 2 degrees per day at about 10T meters.
of the duration Is In good agreement with the Several applications of the method in boundary
theoretical model we have described previously. lover studies are also Indicated. 'Authnrl
(Aath or)
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Mestiaghovie Electric Corp., Pittsburgh, Pa. RAND C~orp., Smoe Monica, Calif.
DESIG or MODEL Or A THERMOELECTRIC AIR CON- THJEORY OF IONIZED TIIAti.S FOR BODIES AT IYPERSONtC
DITIONING SYSTEM FOR SUBMARINES. SPEED~S.
Final rapt., I June 59-1 May 61, by P. S. Lykeudis. 2q MaX l rev. 5 Oat 6,1.

by E. . Frantti. I May 61, 
7
5p. inci. Illus. 1

2
p. inel. flivs. 26 rat. (Research memo, no.

t1be (tRapt, noo. 4161-CI;c2C A(1)) 111-2682-1.Pl. rev. of Research meno. so. 1111-2682.
(Contract NObs-''Cq5) AD-25' 93P)

Unclassified report (Contract AF 49(636)700f, Proj. RAND)
Unclasified report

DESCRIPTORSi (-Thermoelectricity, *Air con-
dittoin eqIopment for *Submarines. Design, DESCRIPTORSt ''"-t.Ivation troills. hodiaa
Ihor.) ( Refrigeration systems, Heat an- - . .ypracs) (Aerodynamic
changers, Thermal Insulation. Vibration. *,rtoaaom, Thermodynamics.a OS acan asa-
Shuck. Tents.) (Hfeat trono'f- -lion. Velocity. Enthalpy.) (91*nty ern
%&'. .1 . dynanics, 1Heat trasfer. ?hernal cautvt.

4thernoelectric heating and conling module ns The characteristics of the geeove trait renain-
constructed for installation In a water to nater Ing behind a body moving throogh the atmosphere
air conitiloning system aboard a submarine, at hypersonlic speeds are discussed. Peans oe
This nodule has a cooling rating of 2550 BlU/hr. sught for uscerteiniug those variables that can
at a coefficient of pcrfornsnce of 0.75 and an be mnsared sod seed to predict the character-
operating current of 35 amperes dc. This rating istica of the body causing the trail. The avail-
ens based on a 05 F sinh water temperature and a able theoretical and ewxperinentel literature Is
chill eater tenperature of 55 r. The unit was reviewed end the basic aspects of hypersonic
designed to withstand sbmergence pressures and trails are presented. In the case of thermody-
the corrosive effect of sen eater in all enter nanic equillbrien, a universal solution is found
passages. It occupies a volume I ft. by 1 ft. for the velocity and enthalpy distributions at
by 3 Inches and ws designed for ease in stack- a station behind the body where the pressure has
Iug Into larger capacity units without additional reached its ambient free-strean value. The

spae bingreqire fo coplig btwen units. thers-conduction port of the trail Is also
It Nei a weight of 5r pound:. (uhrstdied. An analytic Solution Is fond fur the

case of voahle thermul conductivity. The
I h troll based on a ninimam fionite-

n level is calculated at different sltitades
4 for so illustrative re-el;try. The Influence of

J the trolling shock on the conduction pert of
the truil i; discussed. A pyeliminsry study is

k as121 als mu.o the tr;il under chemically frozen
conditions. (A er

j4
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116tt0119 Maoerial last., Colvui. Ohio. AsroChom Research Labs., Iot., Prinsceton, N. J.
STUDY or A CANNON DIOXIDE REDUCTION SYSTEM. PRELIMINARY OBSERVATIONS ON THE EFFUSION COOLING
Rept. for I May 59-31 Dec 60 on Equipment for OF CATALYTIC SOLIDS EXPOSED TO PARTIALLY DIS.
Life Support is Aerespece, SOCIATED NONEQUILIBRLUM GAS STREAMS,
by John F. fester and Justin S. McNally. Aug 61, by Daniel E. loomer. Oct 61. 28p. loc. Ilii.

fOp it.ilms., tablesIre. tles:,.32 rots. (AeroChem TN-37)
(Catet T33(616)6332, Po.67)(ntat AT 49636)300)

(ASO IR 61-388) Unlalssified report (ATOSR-lS41) Uneclassified report

DIESCR IPTOR~e (OCarbon dioxide, w'Decompesitioc, DESCRIPTORS, (*Solids, Catalysts. *Film
nlieduction, Nigh tompereture research, Radio- cooliag. "aes, Pres-sue, Turbualent honadery
lies effseta, Photachemistry, Alkali motels, layer, Thermal diffasion, Transport properties,
Alkali metal compoanda, Hydrides, iiydrugen, Hest of formetion. Chemical reactions. Reac-

CatlyssCatlyssIron, Meter, Sieration, tion kinetics. The~mochemistry.) (Coolanta,
Carbo doit. (Motor, Eiectrolysis.) Nitrogen, Ethylenes. Ammonia. Nitrogen cam-
(Spaceships, Satellite vehicles, 40Air can- pommde, Oxides.) Electric discharges.

ditinialeqvpmea. Prdveionoxygn.)The coasequences of gas phase chtemical reaction
At enginaering model of a system for reducing between an effusion coolant and Chemically
C02 at a rote of 500 cc/sn by reaction with N reactive species present In the free stream are
ever heeted catalysts mas developed. The pri- discsased with regard to convective eaergy trans-
mary predicts of the reaction more solid C end for to catalytically active solida. A porous
weter vapor. To recover breathable 0, condeased Ca surface man exposed to a supersonic atream

mester vapor Mould be fed to am electrolysis Celli of activated N. The relative effect iveaesa of
the H by-product of the electrolysis mould then ethylene. 11143 N, and M02 as coolant$ was marked-
be seed to reduce more C02. Solid carboa io re- ly altered by the effects of specificity in their
*oved periodically from the apparatus and dis- gas phase chemical behavior. This suggented that
carded. In the final test, the apparatus woo differences In gas phase chemical reactivity
operated continuously far a period of 11 hr. at could be used in selecting effusion coolants for
about 10% above the target conversion rats. Me cotelYtically active nolids exposed to high
estimate that the C deposits could b eaccunalated tenperatsre Partially dissociated streams.
for at least 2 days In the prenent reector before (Athar
Interrupting tha process for removal of C and re-
nmol of catalyst. With appropriate maintenance
procedures, the apparatun should operate for the

specified maximum of 3 yr without difficulty.14
(Author) 112
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Rocket Research 1l8b., Ohio State 11.. Colunbus. Colifornis U., Berkeley.
*AGNETOIITDIODYNAMIC EFFE.CTS ON EXOTIIERAAL WAVES. STRONG INTERACTION WITH SLIP BOUNDARY CONDITIONS.
1. THEORETICAL PROBLEMS ON A MACROSCOPIC SCALE. Rept. on Research on Aerodynamic Flow Fields,
11. EXPEIIIMENTA. STVDY WITH HTDROGEN-OXTC.E' by J. Aroesty. Sep 61,.25p. IIllao. 25 refs.
DETONATION WAVES. ( Contract AF )3(616 ) 6 1 P ro. 706)
Rept. on Research on Combustion Kinetics. (ARL-6.) Unclassified report
by Miethool C. Vong, Loren E. ollnger and
Rudolph Edo.. Sep (A. 90p. Incl. ItIles, tables, DESCRIPTORS, (n-Airfoila. Aeradyasmicas,
25 refs. Oliyperoonics. Shock waves, "bounadary layer,
(contract AF 33(616)56,15. Proj. 7('13) Interference, Pressue. Drag. Hest tranofe'
(ARI 99) Unclassified report mathematical analysis.)

DESCRIPTOnSt (001agasehydrodbnanics, Gas A solution to the problem of strong Interaction
flow* Gas isalastloe, Chemical reactions, between the Shock wave and the boindary layer has
lost. Vlame., -Electromnagnetic waven, been obtained for the case where velocity slip
Nall effect, Thermodynamics, Thermal con- and temperature jump boundary conditions are con-
ductivity. hlydrogen, Oxygen. Shock waves.) $'-text at the wall. It Is shown that the addi-
Masprm Ita daa TIte ofCei in of slip boundary conditions yields a
proprtis PyIca properIes.) (Partial correction of ordert(boundary layer thickness/I)
differential equations, hiotnor systaens, to the no Sip oton. Estimates are made of
Perturbation theory.) the effect of slip on induced pressures and skin

frict ion for the case of the adiabatic well. In
Warless problems associated sitk th macroscopic addition, it Is shown that the Inclusion of slip
magaotehydredyasmlc affect$ on an exothermal boundary condit ions does not change the energy

sav wre retedenthe basis of one-dimen- transfer to the wail from the no slip values.
sisal loscoaideatina. A steady exothermal kAuthorl

san traveling In an Ienized mediium under the
1aflasnee of a transverse magnetic field ae
fesad te display properties similer to those
of a classical dota"tion or deflsgretien nave. o4
For a hydromeagnetic exothermal save, It ws
fsend that a discontinuity either in thermo-
dynamic quoantities or In magnetic field strength ka022
appears as noon as the flow roachel the transi-
tion region.

ks 112
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Lockheed Aircraft Corp. . Marietta, Ga. l;i'na'raa lllnomIan/aanavalr, son lilt-go, ( of i.
MA IN PROiPE:LLANT TANK F'ISSIN IZ1AT ION SYSTVM STUDY Wil1111-Ol NI a1 A 1111,11-1ElMI'F.IAT10l. , NIH f.All-
AND U~ST P'ROGRAM. VOlLUlME IlIlI. DEIGslaN '11ANDROOIIK. HADil1 lsi -IllS IS IANl PIi I'MAT IU PiII It 51 SYTF 1Il
rinei rapt..* I July 60-.11 Oat tol II Ie . 16e1a1 1, 1 11 If.,t I.. ,.

De 61, lip. Inc I. il Iva. tnIllo, I aafo. aat tat Is r,-It. al-c tj

an. KU 111 l. li"" ", 0,1a. incl. I hamt n, Z
(Contracts) AV ai.(faI )6aPA7 and As .. 6I)0l' 1-11,
Proj . 67S1) I an rasr I Al , s
(SSU ?i 61-21, vol. 1) Ilnclamnlifiea report InchlAsoifia', relport

DCSCRIPT)RSI (Liquid rocket propellants, 1l1lSolItI I'llsa I'naan, SYI ' aa*,n, R.I Inao""..
*Propnollni lanks, pressure, raanrlguristirneI- oi r itaaIaisarf, IIa rmna I r adlIaalII i a, lIlaj i, l.mpo-r si-
Geometry, Volume, Denign, Military require- tair, raiaaralI Ia, lla I I a aI u .paqt.,IfadlaI a IIinI -
meats, Nathrmat Iral analyst Is. Wo~nathnk%. ) I1 1a ( IA I r tl ar .quIIm.#ia I san It ar~- r n.1~ a~,
(CGas generaing systems. Market fuels, Roackehfalr-a i r Is ltlat 11r y aaaa -ar, ar %, 1llji lot a )ra--, araI
oxidizners, Vapoori not Ia, Combust ion.) 'L owl to-% so5 I -Ia~a ao odI r, P'a I, ma II c , y% I I-ti
(CGases. Liquefied gunse., Oxygen. Ildlar,n I,antrl cos 5la1n~%, ll%,IiauallI- 1alawar syste'ms,
Hydreainom, Mlethyl kydalie, Nitrogen com-11.' I a , ( l'Pau.i Iam ', 'aaa~iIat,,
pounds, Tetrooldism, Stoa.ge. ) (P'ropel lant 'Ha~a itraaal~alas Ili-Ili lire-ssura
tank inerm Mterials. "etali. Physical h-~a, an . Is ,' P ro ' sart r-i ii aor%,
pr apprte,1 firat evchngerT. al' im'

DenIg n Information on liquid praopellanat tank Thek,- iv.,'lioo status ait tN, rotlary actuator
prmmmur isat inn systems Is presentedi. The arenas oail nrva vagisa'. larannaora' ri.' Jaatr, ra'l ia'f
covered ureat presirimation gas requiremnents, tua'vo, ,accumulatoar, (illar and chhaNi valva' am
includingol hand cailaltion procedurns anal onm.- wall asa Ilk. torhn-fomgro'nnor mre' discussed.
graphs; tankage. inrfling mataerial properties Prtirtss as mast,- on ca'flIala1 I the test program
and volmot and null area curves; antai roampaanena, frt , olub fattings nail bosas; om-ai. A high-
Including inored lie systen weigjht caresn aanmi a Ia'mgaa'ritmore facil it o survey waxs andertaken to
simple bat accuante keat eockange.r miesigjn metkodl anloal , Inst rusma'ntat ion, praanaalmrr, end snafety
(Amuthor )raijalal Ian onam us;- tolkair rampna1 ana' concerneda

w ith k I gi-a'maartaaur' anal nuclaear rodiat ion test-
Ing. l14-pultsofa this survey are almo includdra.

a Iniltial prapoaratilons ware andirar"e to prepare
j a 4 khe high temnperature atest lnaoratory for the

I.-st phoana. Modaifitallon or the' environme~ntal

k .013 rkaalaar andalmir ha'al'a or, aunderway. maltau-
marnalInn raa rnnswere ran lawedalnd proollia-
Inasry ipraarramo- alan Initiataed on long lead
aima lasot a'kaIamn Authnr)
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= 01,91l Electric Co., Cincinnati, Ohio.Yeha .*NwYok

Final u t RSIIIS PPCE O.lSINGS INVESTIGATION Or A VARIATIONAL PRINCIPLE FRo
byna. Ea.,bsnadS OPEN SYSTEMS,

by .E Roiso On S.J. Van Grouw. Dec 6~1, by J. L. Lebowitz and E. Morris. 1961, 14p.
132p. Intl. Illus. tables, 15 refa. 12 rare.
(Contract Ar 00143 (Contract AF 49(63)753)
(AFOSA-19n4) Unclassified report (Arosa-1619) Unaclassified report

DESCRIPTO:St (Rocket motorn. Liquid rocket DESCRIPTORSt (Ol'luid flow, *Hoot transfer,prplat. combvstion, nCombustion chomepyrdnmcs hroynisEegCeia
toel 'Ehaust gases, Pressure, Temperatu:r, dqir m EnThrpy ,.:hemal EergyCt mi al

e~heno!raditio, Ifrard rdistonIn-Particles, Transport properties.) (*Calculusfrared spectroscopy* netection, Meanurement, of variainPata ifeeta eutos
Tenta, Theory, Mathematical AnnlysI.) (Nitric To'nor aayi.
ecid, A~nconino, Iydrexlnn,# Nitrogen compounds.
TerowId.) (Test equipment, Infrared de- An attempt to obtain informatin about thetectors, Thermopiles,;.letpetnrs.) (Test meth- stationary nonequilibriam state of a tiaidods, Spectrogrer hic anlysis.) through which heat Is flowing is described. The

The total end the spectral Intensity Of the fluid is In contact with several heat reservoirs
raditio emitedhy ocke cobusion rodcts at different tenperatures and is asaumed to be

at high pressure was studied. Spectral andidsrbdb nesml est hc nlfe
tota raiatin dta na penoned or 1rocet a generalized Lionvil Ia equation. Oar methodtota raiatin dte re pesetedfor roket consists of minimizing a positive functionalpropellant systems: IlN03 Ad UIi N204. end which vanishes only when the correct stationaryN1131 and N204 and Ni2114. Each of the comlbinations spc dstito ianud. (thr

ccnsiced 1120 an the principal radiating gas. spc itbul Iasme.( thr
The mesaurements were made at a nominal comibns-
tion presnure of 700~ Palo. Emissivity cor-
relations and methods or estimating the tempera-j 3
ture of the combustion gaes are developed. A3
techvintoe Is given for obtaining direct Ob~serve-
lion of high tempprnlnre gases Inside the com- e12
bastion ,bmmhr ofr 0 sn"1n roctet nvnt-r.

0a3

Fig. 7 (Continued)



AD-2b 1 711 Div. *"AD-21 " 5~14 Dliv. 25, 4, 30
(TYISTP/MFA) OTS prc 6-60 (TISTU/TC;) OTS price $2.60)

Aerospace Corp., El Segundo, Calif. Collery Chemical Co., Pa.
NEAT DISSIPATION THRNOIUGH DIODE LEAD WIRES UNDER DJETERMiINATION AND ANALYSIS OF TIlE POTENTIALITIES
STEADY-STATE CONDITIONS, OF TIIEIISAL ENERGY .iTORAI;E MIATERIIALS.
by W. D. Buckman. Oct 61, 211p Ioel. ilusn. Quarterly rept. no. 2, 1 Oct-3i Decc 61,
tables (Kept, no. T P1 3212 ';TN- by It. W. Wilson. 31 (lec 61, .l1p. Int. fils.

(cantct AF 04 b7)'~1) tables.
Unclassified report (Contract AV; )3(61t,)7224,)

Unc lassified report
DESCRIPTORSt (nlleet transfer. Diodes, Wire,
*Conductors. Nickel, Copper. Thermal conduc- DESCIIPTIRSt (ullaterinls, Hi1gh temperature
tivity, Electric connectors, Tests, Thermo- rensrch, Storage. Thermodynamics', fleet of
dynamics.) (Experinmen tal data, Tables, fasion, Thermal conductivity. Energy, Specific
Functions, Equations. bent. Analysis.) (*Containers. *Crrucibles,

Ailoys. Additives, Chromium, Liquids, Welting,
Results of an investigation of the capabilities *Lithium compounds, *liorstes, Corrosion
of wire leads to fsnction as heat dissipating Inhibition.) ('i~uiciam compounds. Sulicides,
media are presented. Experimental work related 4Sodism compounds, Fluorides.) (Laboratory
to this project has confirmed that leads may equipment. *tnlorimeters, O.aborstory furnaces,
serve so heat sinhs tossn extent greater than hon Tests.)
generally been recognized, and has also served Etnietsswr odce ofn ea

sabasi ,far deri1vationo the theoetical Etnietsswr odce ofn ea

relaionhp whchdfn the significant paran- suitable assa contaner for molten Li10O2 at
eters Involved. The experiments were conducted 10 > Ts eut niae nIcesn
to generally determine the effects of varying corrosion resistance with increasing Cr content
wire lead materiala, lengths, and diameters under of the alloys. Additional tests are scheduled
both radiative and convective ambient conditigns. with alloys containing a high percentage of Cr.
The mathematical relationships which have been Drol,-calorimetric mesusrements on C@512 produced
obtained provide quantitative methods for fire- heat content data to 470 C. The thermal coo-
dicting the effect and behavior of component- ductivity applaratus was modified. Measurements
generated heat on performance, and will permit mere w~ut o invites Sal; at 1020 C; an approxi-
better correlation between component wattaige rat- mate theral conductivity value of 5.7 btu/hr
iegs as stated by the manufueturer .,od noted iv sq ft F/ft was obtained. Construction of the
the user. (Author) farnsce-calorimeter apparatus for measurement

of heat release rates mas completed except for
the Ni calorimeter block. (Author)

js3 j a3
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A0-26Q l6 Div. 27. 11, l4 AD-269 603 Div. 14. 4, 1
(TISTM/EJH) OTS price $iX.1: (TISTM/EJH) OTS prise 67.60

vendix Products Div.. Bendix Corp., South [tend, Midwest Research last., Nase$ City, Mo.
Iad. HIGH TIMPERATUME RESISTANT TRANSPARENT PLASTICS.

MATERIALS PRUPERTY DATA. Final rapt., 15 Feb-14 Oct 61,

Quarterly progress rept. no. 3 on Phase 1, by Howard Christie end Thomas Medved. 31 Oct 61,

1 Oct-)I Doe 61, 
6
3p. incl. illus: tables, 10 roe.

by James . Yates. Jon 67, IV. fci. iliss. (Contract NOw 61-0673-d i Costinuation of Contract

tables. Ucloessitied report

(Ceatract AF 33(616)8086)
Unclassified report PSCRIPTORSt (OTransporeat panels, 6ootical

DESCRIPIORSi (Friction brakes, *Broke linings. materials, *opticel plastics. *Optical coat-

Materlsl. Metals, Alloys, Additives. Graphite, ligs, -mst resistant polymer$s. ipe y resins.

Airerefl.) (Tsts, Test equipmnt. Test facil- Acrylic resins, Resins. Plastics.) (Phtheic

itiea, High teeperature research.) (Erosion, ecide, Anhydrides, Vinyl redicals. Cycle-

Deposits.) (Wleet meters, 'Rachet motor hexoee, Dioxides.) (Epoxides. Heterocyclic

motles, Meteriel@. *Refractory materials, In- compounds, Processing. Aging, Syathesia.)

sulating materials. Thermal Insulation, °is- (Ultraviolet radiation, Radiation damage.

fractery castings, Corsets, Ceramic materials, Light transmission, Mechaaical properties,
Silicon compoed. Beryllium compounds, Zir- Aircraft finishes. Supersoic p

conim composads. Magnesium coponds, Oxides, 
temperature research.

Tungsten. Steel, Tuagstes alloys. Molybdenum Purification of the diglycidyl ether of biephenol
alloys, *Graphite. Heat resistant polynera.) A (DESA) by vacuum distillation sod decolorias-

Cetoats, tien of the trimethoxyboroxiae (TmB) catalystContns *rdcd€lre|satn aeil.Raction
High temperature - high friction materiels prud colorless starting aterials. e

of these materiels produced a water-white resin.
Lining coapositions After curing in vaceu, the 0.25 in. thick

Procedres cstings had a luminous transmission of 88%.

Dt mSmall qauntities of low color epoxy novolec re-

Rocket mater Iterial evaluation were obtained by molecular distillation of

Test facilities a commerciel product. The distillate reacted
Jet piercing torch date rapidly with TOO to form a hard solid with much
Final report on 2 firings on ).75 in. Rocket
Date from 10 firings o" 3.75 in. Rocket lower color then obtained from any previous
Final report n 1 firings o n 5.75 in. Rocket resin of this type. Cost resins obtained from

ia freor firings on 5.75 in. Rocket hexohydrophthelic anhydride and vinylcyclohexese

Date from 7 firfngs on 5.75 ia. Rocket dioxide were extremely notch sensitive and

brittle. (Author)

j 3 j83
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A0-269 753 Div. 17 A-269 712 hi, 27, 9, 25
(TISTM/G9C) OTe price 62.50 (TISTP/UN) OT pri. 11.60

eteriOl$ Preceelim1 . TAPCO. Thompon Nne RAND Cotp Sente one., Colif.
Wooldridge. IS.. C levland. Ohio. AN AIA TIC-IOOTNIRIAL NOZZLS,
DEVILOPUSNT AND EVALUATION OV NIGN TZNPZATUN by V. P. steponehek, t;. by Joy I. OCo1ey.
PSOTICTIV1 COATINGS FOR COLUNSIUN ALLOYS. PART Dee 61, lop. 3 e. (Sept. me. 09-293041)
II. COATING BVALUATION. eTrrne. r mahemerno-Fitei, ohkil SheramlSept. for Apr 60-June 61 so Notallit Materils$l (Journal at 20116ooria I pyeiee) vel, 2,
by S. A. Jeffery@ and J. 0. Gedd. lop 61, OP. 66-71, .959)
lOp. imel. file$. teble. (Contrast A. 49030700. M, RAND).
Contret AV 33(616)7215, Prej. 7351) Cvast0 rio d report(ASD TR 61-66, pt. 2) UnCless.ifiod report

DSSCRIPTORRB (Nesle, heeli em, Adibbetle
DESCRIPTORSs ('Nefreetery eeetial, 'Nloblem gas flew, Nitemtieml ma6lye i9 Numeriel
alleys. litememo alloys. .olybdonem tlen, mothode Ted pr1oodnrom, qmeetione o.6tate,
Togetse oileys, lrcemim ellos, ONiobiem, Thorodymml e.) (eAdebutte gas flow.
Nigh tenpereture reeearch, sileet tesietant 'Compromesib flew Thorme euponeien, Net
miloy.) (Oildation, groio. Thermal of racetin, Sqemtlome of teto.) Aro-

stroees, echanili properties.) fOuldtion dymio!es , UDIS.

lobhibitre.
A method Am prooeted for the ases ealealties

A ceopereteiv ovevetion we made of Is costing- for e sheem llY motive flow at a conetent
beet ;ote1 eyatons. six different coetiils ttle toportire. (Aethor)
appied to 3 Nb beet materiels (0-31 mier, F-&8

alley snd unilloyed Nb). The i8 deting-hmee
iotal systeme ere tooted eoder the loe eondi-
times in cyclic ouidotie (2300 and 2500 F), 1,S3
therml shock (2500 to 250 V), bemd-oxidetioe
(2500 F) ald etreem-oidetlon (2500 F) pilu
toesile tests. The teots produced directly k sil
cempereble dote between the cootilg-bee motel
epetoce relating to the protective motr* of ouch
soeting sad the offet of the eotiolg and the
oating treetment on the aechamicel propertioes

of the seebitret. (Aether)

J,3

ka 120

Fig. 7 (Continued)
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AD-269 306 Div. 14. I AD-269 965 Div. 9
(TISTI/G[C) OTS price 6).50 (TISTP/TL) OTS price 01.10

McGraw-Hill Beak Co., Inc., New York. Durham U. (Gt. Brit.).
HANDBOOK Or FIBROUS NATERZALS. RESEARCH ON THERMAL CONVECTION IN MOTATINO
Rapt for Avg 60-Aeg 61 n Naterial Applicatlons, FLUIDS.
by Weltpr S. Baker end Ernest N. Kaowell. Technical summary rapt. no. 1, 1 bar 59-31 Aug 60.
Ot 61. 195p. ocoI. 1llos. tables,. 26 refa, by Rayond Hide J 61 9p. 7 rots.
(Coetract AF 33(616)7504. Proj. 7361| In cooper$- (Contract AF 61(052)216)
tien with Fabric Research Labs. Inc. (AFCRL-S05) Uaclessiflel report
(WADS TB 60-50, pt. 2)

Unclasifled report DESCRIPTORSs (Cylindrical bodies, elvida.
*Flaid rflow, Rotation. Thermodynamics, Nest

OESGRIPTORSi (elendbooks. eTentiles, oSynthet- trea IorECoavection.) LIide, . eat
Ic fibers. *Fibers. Cordage, Nylon, Dacron, transfer. Hydrodynamics. aj(Water. Glycols.
Deceleration. Parachute fabrics. Coatings.) Density. Acceleration. Gravity, Temperature,
(Physical properties. Necheaical properties, Oscillation, Viscosity.)
Porosity. Semipermeability, Climatic factors,
Radiation effects, Teoperature, Aerodynamic Thin report snmarizes progress made with two
huating, Coaling. Aging, Friction.) Investigations of thermal convection In a rotat-
eSibliography. ing liquid contained between *oaceatric cylin-

ders. In the first, careful measurements of the
Conteas Aging properties; Design date. hbs.ic beat transfer coefficient at different rates of
Frictioa, abrasn, se.r| I.pact loading; rotation were made end striking roselts obtained.
Porosity and air permeab i lity; Sewobilityl In the second, an extension of earlier work on
Sunlight and weather resistance, Temperature instabilities snd other properties of the wave
properties Chemical resistnnce| Hdiotlon regime, Is being carried oat. (LAther)
properties; Aerodysamic heatieg.

j,3 j-3

kaiI k,030

*Those terms were not included on the
magnetic tape.

Fig. 7 (Continued)
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AD-269 553 Div. 25, 30 AD-2t '81 Div. 2', 4

(TISTP/WH) OTS price $10,50 .TISTM/GEC) OTS price $2.10

Lckheed Aircraft Corp., larietta, Go, Naval Ordnance lob., White Oak. Md.

MAIN PROPELLANT TANK PRESSI IfIZATION SYSTEM TIIERMOI)YNAMIC PROPERTIES OF" POI.VFTIIYLENE.

STUDY AND TEST PROGRAM. VOLUME IV. COMPUTER by R. W. Warrield and M. C. Petrce. I Aug C.1.

PROGRAM. l'p. incI. aIl s, tables. 1A refs. Rept. no.

Final rapt., 1 July 60-31 Oct 61. NOLTR I- 2

Dec 61, 
1

)
6

p. lacl. illus. tables, (Iept. no. Unclassified report

ER- S296)
(Coetracts AF 04(611)(087 nod AF 04(b11))032, OESCRII'TORS: l1olvmcrs. "Ftholenes. *Thermo-

ProJ. 6753) dynamics, Specific heat, Entropy. Lnthelpy,

(SSD T1 61-21. vol. 4) Unclassified report Transition te.mperature. Throry.

DESCRIPTORSt (Guided missiles, 'uel taks,. The lack of fundamental date on the properties

'Propellant tanks. llest transfer, Aerodynamic of polyethylene prompted a study of the @*oil-

heatingt ) (Thermodynamico. Equations, Ilug- able thermodynamic parameters of this material

ltdl compaters. Progremming.J UPressure From published data th entropy. enthalpy, and
teaks. G ses . leat rsa er.) Cibbs free energy values of conventional high

pressure polyrthylene mere calculated over the

A computer program which can be ued to determine range to 11' K. The use of a linear Torsssov

the pressurizing gas requirements for e missile function to estimate the specific heat of poly-

propellant tak pressurization system Is d*- ethylene Is discussed. The thermodynamic func-

scribed. The program Is applicable to both tion. Cp/T versus T, has been calculated and

cryogenic and storable propellents when pres- exhibits an increase at ii k. An approximation

sarited with stored gas, evaporated propellent, is made of the numker of vibrating units psr re-

sad main took Injection methods of pea ing unit at .',' k. fp-t'v is calculated st

pressurization. (Author) K and found to Ie P2 rl,'de l gm. Author

j,3 j 3

k - 021 ke 021

Fig. 7 (Continued)
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A0-269 773 Div. 17, 4. 25 AD-269 792 Div. 21. 30

(TISTM/ARV) OTS prie .01.60

vestinghouse Electric Corp.. Pittsburgh. Pt Aerospace Information Div., Washiagton, D. C.
OXIDATION Of TUNGSTEN AND TUNGSTEN BASED ALLOTS. SOVIET NUCLEAR INSTRUMENTATION AND CONTROL FOR
Rapt. for Aug 59-Dos 60 on Metallic Mater l10, PROPULSION.
by P. 9. Blackburn, X. r. Andrew and otherso. Othly rapt. mo. 9, 10 sop-IQ Nov 61.
Jose 61. 74p. Intl. illus. tables, 22 roes. I1 Doe 61, i5p. nol. ills. 7 rote. (AIO rapt.
Costract Ar 33(616)5770. Proj. 7351) 61-12)
UADC T1 59-575, pt. 2) Unclessified report Unolassified report

DESCRIPTONS1 (Refractory materials, *Tu0gsten, DESCRIPTOR5i (*Gome coonters. eScintillation
fTungstom alloys. Tantalum alloys. *Oxidation. coonters. Desse.) (Gas flow. Measuremoet.
Chemical reactions, Reaction kinetics, High OPlownotors, Dealtn.) (eoterogenoous reac-
temperature research, Tungsten compouads, tars. Nacler rosettons@. Rector reastivity.
Oxides, Vapor presure. Thermodynamics. Heat Critical assemblies, Reactor theory.) (Nuclear
of formation.) (Test equipmeot, Vacuum power plasts, aPeal elements. Radioactive
feresces. Temperature. Pressure, X-ray dif- wasto.) (Low pressor* resoarch, *Pnomatic
frattios analysis. Mierophotography. Hoating. servomeahsaisms. Automatic. Control systems.
Induction heatiag.) Oesign.) (eLiquid metals, Neat trasfor,

Torbulest flow, Fluid flow in Pipes.)
The results of studies related to the oxidation
of V end Its alloys are studied. The pressure Contents$
of WO3 polymer$ over W02 was measured in a N Differotial method for determining the effi-

knadsoo sell sad found to agree with aeosur*- sleler of a Game@ counter
meats in a Pt sell. Literaturo date for W02 Pneumstie istegrator with aperiodl unit throttle
03 were combined with vapor pressures doter- operating in tho low-pressure range
aised Is this project toolive thermodyeme Peet neutron asintillation counter with low
values for W1I049 snd W20058. U oxidation rates sensitivity to emma background
more moaeured fro. 00 to 1700 C ad Is 0 pros- Now prinoiple for measuring gas flow
aeres botwee 0.2 and 0.02 etuoweoere. The Experimestal study of the effects of interaction
effects of 0 pressure indiote that th into between two subcritical rtactors (Investigation
may be govereed by 0 dissociating to atoms at of the critical parameters of reactor systems;
the reatiag surface. The oxidation rato is don- collection of ortleso)
e$trated tA be indepeadent of the oxide fvaera- Investigation of the spent fuel elements of the
ties rate. All of the ovideaee Indicates that first Nuclear Power Plant
If an oxide barrier layer Is proont at tempere- Neat transfer in turbulent flow of liquid metals
ture above 600 C it must be very this. Studios is pipes
so the oxidation of To - V alloys between 600
and 1200 C indicate that the 50-50 alloy hae the
greatest oxidation resietance, oxidisial at a j3
rate as much as 10 times slower than N alone.
(Aether) ka021

im-3
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AD-269 628 Div. 12. 9 AD-269 148S Div. 22, 14, 4, 25, 9
(TISTA/WAM1) Oil price $1.60 (TISTA/SES) OTS price *S.1o

Foreign Tech. Big-, Air rae* systems command, Army Rocket end Guided Missile Agency,
Wright-Potteries Air fore ees.5 Ohio. Huntsville, Ale.
BEAT EXCHANGE AT THE FRONTAL POINTS OP BLUNT OUARTERLY RESEARCII REVIEW No. 30. 1 MAY-
0193 WASHED BY A SUPERSONIC GAS FLOW, 31 JULY 61.

by V. P. Uotulevi-oh. 7 Aug 61, 16p. loc. Ills. 1 Nov 61, POp. mnel. illus. tables, 36 refs.
(Trans. so. UCL-1108/1 of KonvektivmRyy I (sept. so. ANGN4A TII 21IiN-30)
Lvchietyy Topleoen, Moscow. pp. 16-24, 1q60) ilsclasified report

Unclssifed rportDESCNIPTORSt (Reinforcing materiels, Glass
DESCRIPTOR1S, (061ent bodies, Aerodynamics, textiles, 'Phenolic resins, Mechanical prop-
Supersonics. Aerodmmch ig He.t tr.m.- erI ea.) (.1oron, Preparation. Pvrifica-
for, Nothemtatical smlsn USS. ITn. (Nulear physics, *Radioactive decay.)

(EthIyl:ee Nitrogen compounds, fluorides, Com-
buion.) (Electronics, Atmospherics, *Noise
analyzers, theory.) (Gass. vNegnetohoydrody-
Mamie$. Plasa psIcs, Plasma jets, High tem-123 perature resenreb.h) ( vilypersoatc mind tunnels,
Hypersonics, Re-entry aerodyniamics. Aerody-

kz 21namic heating. Simulation.) (Solid state
physics, Electrons, Trnsisport properties.)

Cointents, MATERIALS (Mechanics of matrrixis and
Istructerga andspreparation of highI purity boron);
N1UC LEAR PSICS (isomeric yields from (N, 2n)
reactis)l FUELS A~n COMBUST ION (Burning rates
of ethylene-NF3) PHYSICAL ELECTRONICS (spectrum

of mpltud-moulted soise after square-law
detctin 1)1 IGHTE.MPERATURE. PHYSICS (Simpli-

fled probe theory TIT, Plaepi jo.l i" probe meas-
uremeels, Analysis of probe duts by simpitred
double probe theory, Graph& for the truncation
of partition functions of selected elements,
Control system for the hyperthermnnl test fucil-
Ity, end Electron capture In amagnetic field);
and SOLID STATE. PIIYSICS (Truinsport of foist
electrons).

kz,021

Fig. 7 (Continued)
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AS-269 160 OTDiv. l7, 27. 1, 20 AD-2?( IN, "s itO. 12
(tISTO/GgC) OSpric 67.60 (TISTA/SIl) OTS price &1 04(

foeign Tech. Div, Air rves Systems Command, Notional Aeronautics and Space Administration.

'ngt-Patt*"*an Ai frp e as$*, Ohio. Washingjton, 0. C.
INVIST GATION OF NEAT RESISTAN4T ALLOTS (SELECTED iEL~N~O FN'~A-lC~ OI5tt:Bl
ARTICLES),(seledovaiys Zhereprcocehh Selevy UNMANNED MIANS VIIlt itS STARTING FROM) 051111 AllOT

~ Dn 6, 'p.11 refs. (Trans. so. FTD-TT-6l-31 by Richard It. Cnircehi and James W. Miser.
of Goedaratvemnoye sacs-ehacshy Jan L. kp. ImCI, Ills. a refs. (NASA Techni-
ladatel-ste Oberongisa Moskva. pp. 17-34, cal note D-47l,)
45-52. mad 65-68. 196015nlsiidrpr Uncleassified report

Also &anailable from NASA. Wash. 25. D. C. as
DESCRIPTORS, (%meet resistant alleys. N ASA T eslte h-l4a1..
eCerrenien-reaistent alloys. High tempersture
research, Stainless steel, Austentite. Steel, DESCRIPTORSe (Spae flight. *Space probes,
Titanium alleys, Aluminum alleys. Tunsten mars. Spaceships, %Naclear propulsion,
alloys. silicon alleys, Chromium alloys, Hydrogen, Temperature. Thrust, SpQeific
gore. alleys.) (Tests. Crystal structure, Impulse. Design, Faibl It tudefutr
Grain$ (Metallurly), Mechanical properties1, requirements, Theory,Mahmtcl nlyi.
physical properties, Surface properties.)
(A irereft, HypersanIca, Supersonic plansa, Nuclear-powered Earth-orbitsi-looNch probes can
Gas tarbise blades for Jet eaginen, Nuclear place greater payloads in orbit about Oars than
pawer pleats.) USSR. chemical vehicles if reactor power exceeds

50 m. Suitable reactor powers for this mission
Coant lu are about W.O 4.00. and 1000 mm for 33.000-
Selective allaying an s method far improvingp 81.000-. and 200.000-lb vehicles, respectively.

heat resistance, by S. fi. Viarov Whereas a jj,0O0-lb vehicle reqaires greater
laveacigallee of the dependence mf the etracture than a 200-day coast, a 11.-day coast Is fee-

ant! prepertiea of gaes turbine bladea o the sible for an 81,000-lb vehicle. A hydrogen
duratilea of operations, by S. T. Kishhis. temperature of 1.000 F in the nozzle appears te
A. A. Illypis, H, V. kmryohina be a good compromise. One of a solid-propellant

Strength of alleys In contact with Na. by S. 1. rocket to achieve an orbit ebout Mars from
Kishhi, sad 0. P. Begesilhtoa coast yieldsnso payload advantage. Usiag

Nigh temperature corrosion resistance, by G. H. optimum firing dates. a 33.000-lb vehicle
%ubia[@ could orbit an acceptable payload about Mars,

and an 81.000-lb vehicle could land freight on
Mars. (Author)

ko,021 j 3
k=2012
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